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tion in'a territorial frog, Dendrobates
pumilio.. Ecological Monographs 59
207-221.

may validate its defense throughout the year.
Additional studies could test for this and other
possible benefits for D. pumilio of territorial-
ity during the non-reproductive season.

Robakiewicz, P. E. 1992. Behavioral and
physiological correlates of territorial-
ity in a dart-poison frog, Dendrobates
pumilio. P.71. The University of Con-
necticut: CT.
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INTRODUCTION

The reproductive success of males in
rritorial species is often limited by the avail-
ility of suitable territories. If territoriality
to be a viable mating system, and therefore
n evolutionary stable strategy, the benefits
territoriality, such as better food resources
d higher mating success, must outweigh the
sts, such as investment in territorial defense
d increased predation risk. The low density
of suitable reproductive sites probably limits
e population of Megaloprepus coerulatus, (he-
opter damselflies) in the neotropical low-
land wet forest of La Selva, Costa Rica.

Studies of Panamanian populations of
M. coerulatus suggest that mating behavior is
strongly structured around territorial males
(Finke 2000), who defend semi-permanent wa-
ter-filled treeholes in forest light gaps. The
holes are usually at least 1.5 liters in volume,
and are used for egg deposition and larval
habitat. Defense of the hole by territorial males
appears to occur before, during, and after
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Abstract: Territoriality can increase fitness by providing access to resources, shelter, and mates,
but can also be energetically costly and may not be an option for all individuals if suitable
potential territories are limited. Some male helicopter damselflies (Megaloprepus coerulatus) at
La Selva Biological Station, Costa Rica, defend waterholes in forest light gaps against conspe-
cific males; this is usually regarded as their only viable reproductive strategy. However, the
population of adults seems larger than could be sustained by the number of light gap waterholes.
This suggested the possibility of an alternative reproductive strategy for males without light
gap waterholes. Artificial waterholes placed in gaps were occupied and defended by males
within an hour of their placement. Furthermore, a female visited, mated, and oviposited in one
of the artificial waterholes. Female mating and oviposition is only rarely observed about once
per 84 days of observation; this suggests that waterholes are limiting for females as well as
males. Although territoriality seems to be the preferred reproductive strategy for M. coerulatus
, sneaking /understory reproduction may permit some reproduction for males that are unable
to obtain a light gap waterhole. Furthermore, this alternative reproductive tactic may account
for a meaningful proportion of the adult population of M. coerulata at La Selva.
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copulation with a female. A second popula-
tion of non-territorial or satellite males also
mate, but it is not known how much repro-
duction by these males contributes to the
population. Most eggs fertilized by these
males are probably deposited in understory
waterholes, which are thought to provide
lower quality larval habitat, but sometimes
they may also be surreptitiously deposited in
waterholes within light gaps. Although this
appears to be an inferior strategy, reproduc-
tion that involves satellite males may none-
theless be important for the population as a
whole as it seems unlikely that the popula-
tion of M. coerlatus at La Selva can be ac-
counted for by the limited number of territo-
rial males and light gap waterholes (Fred
SaintOurs, pers. com.). This is especially true
because of the long larval development time
(95 d), and the intense intra and interspecific
competition and predation within light gap
waterholes.

Contrary to conventional understand-
ing, it may be that both territoriality and the
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. . : . Ga
satellite tactics of males are viable reproduc- and applied chi-square contingency tests. Gap

. alyses because
tive strategies, working in tandem to main- 1V was excluded from these analy sebruary, 2000,

La Selva

Table 1. Time budgets for M. coerulatus individuals in gaps within 1 km of La Selva Biological Station, Costa Rica, as
proportion of time spent in given activity over each day. Observations were continuous from 9:30 - 15:00 on 15- 17

tain the M. coerlatus population at La Selva. If it lacked adequate observation time. Gap vy oy oy
the sneaking technique is a successful repro- Resuis day day day day
ductive strategy for male M. coerlatus at La SU Status 1 2 3 1 2 3 1 5 3 1 2 3
i ortunity to o i 0.70 082 028 000 057 088 077 057 061 063 022 .
Se’ggllig?\eril‘c:evﬂe:t %r\zeﬂni}{zisfe% 1ightt}éap All natural and artificial waterholes perching 0.43
es Th ‘
es. The
waterhole, a satellite male should not neces- were defendefsc;i' by {c\}/{ E%Aa’uggirzlaﬁzlspent e foraging  0.03 003 000 001 001 001 004 006 005 009 058 025
: i i i - rtion of time that M. ;
sarily exhibit the costly, I‘ISkly’, dcffensll;ff b? I;;PSO was higher in gaps with natural i 0.04 006 000 000 002 002 004 003 00l 000 000 011
havior common to territorial males. erri- . . terholes
toriality were the only viable reproductive waterholes than in gaps without Waf o 0.00 002 003 000 000 000 002 002 00l 000 001 000
strategy, satellite males presented with an (Table1). Under the null hypothesis ofno dif-
5 idly ferences among individuals, males in Gaps 1 - ion  0.00 001 007 000 002 000 000 000 000 000 000 000
unclaimed light gap waterhole should rapidly ergnII ded less than expected and were
; uarde
adopt defense-related behaviors. ?‘t;sent gfrom the gap more than expected on out of sight  0.13 006 053 099 037 009 002 024 027 027 019 021
; for the male '
METHODS day 1, while the reverse was t;?f 6.0 <0.001) other® 010 000 009 000 000 000 012 007 005 000 000 000
in Gap I (Table 2; X = 28'.19' =0 p <t j & Includes interactions with non-conspecifics, searching for hole in pre-treatment site, and dipping in the hole.
We observed M. coerulatus behaviorin There was no difference in behavior among Proportion on day 3 in Gap I represents time spent in mating behavior, including courting and copulation.

s olooi-  indivi days2and 3 ()¢ =7.22,df =6, ~
i :{)léizii%ipscvolfaurﬁ ilcﬁrc:)g% Sgév_a fggéOfgol; m(il\(’)lggf)ls C;E Gzp I, the m(arked rpale was m or leés fro&rIl the art1f1c1§lcll1%1e. 1
three da s/ (15 - 17 Fel/)ruary 2000). During present for 137 min on day 1,'b'ut did not re~1 e 31; | ;-IVZSS 0;;‘?};;%/ 5;’0/01;2 cIinglls/ Oor;
observat}ilons, we recorded the time, duration,  turn after day 1 1G ;P Hs‘i/;ai;/ S\l;?: oratos ?he time ob};e'rved (I))n days ;/, 2 a;d 3, Peroch-
and 1}(1)cfation og all Z\él ;o\e;giagimactsiv;tcigsl of1 ml?}?;bde;};viozgf inc%ividuals. in experi- %ng 1.5 m or less from the natural water hole
E?oetlc;c olf :;irg;te};,aa(:r’clion: witklm Meci%togaster mental gaps was affected by t}}e addition of g ;ﬁaz Iglagl 1 ﬁz};eﬂgz\fass j\}}slg ;C%Zif\i (T;er ‘?VI;
liniarus and Mecistogaster modesta (two other artificial waterholes. Males in thesedgapg ‘ L nsistent across da 5; 12 and 3. In seneral
pseudostigmatid damselflies at La Selva),and guarded territories less than expecte atn 4 he seomed o erchyan d f/o raze farth% r from
f Gynacantha sp., a large forest-dwelling were absent from the gap more than expecte lig e seemed ¢ (p har g fasther f
Zraggnﬂy One m};léM coerulatus from Gapl before the addition of the waterhol.e. Posrte IHQIYaieer ole (up to 40 maway) than the Gap
' : . itories mo .
was captgred and marked (fn dca)y 1dto dllffs; :;iig;igtgli?dal:rredgie’ftr E::)m gaps less . G. gracilis dragonﬂies, W}}ich also re-
entiate him from other males. h'nh ?’ d/ no than expected (Table 3; X2 =2518,df=6,p = quire w.a‘terho‘les f'o'r breeding, visited all‘gaps.
obser;:eld Ga}:iscl an;iHII, ;VI Vlcw hici con- 0.002). On day 2 a male occupied Gap Iwi.thin G. gracilis ovipositions were observed. in the
giﬁiﬁl zizrz?watzis\olesaZt O9l00 onday 2, 30 min of the placement of the artificial Watelrholes 1Of Gaps I f;ni I\’]hwhlﬂe M.
artificial waterholes were piaced inGapsland waterhole. This new individual de.fend.ed ’ch(e:i gfliez;; a\f\;t:tgi ;Se ;/Ve'l{le1 grirf/v aes nV(\)lli maren;ffre:
II, and left for the remainder of our observa- gap for the nethtVZZigiy:/ ;?eiz%\lzrggirt?eic— ‘ Pp
: : . ‘ n
I on fcach Ay and decarmed hahertion on borh days. This male engaged in et auls, One . gacifs v (3.0
or not larvae wereypresent. copulation on day 3 and the female deposited ong) was found in the Gap IV waterhole, an

. e 1
To test for (1) male behavioral differ- eggs In .the art‘lflglal holfa. In Gagbli aagl;l::
ences among males and (2) behavioral differ- also arrived Wl'ﬂ'll'n 30 minutes an " g2 s DPISCUSSION
ences before and after the addition of artifi- fending the artificial waterhole on day 2. ; ;

: . This
cial waterholes, we classified the typical be- malle rema}cn;';i ;};’7 uogfh;)}tlet iiﬁifvﬁ?oi tin:e Our results suggest that territoriality is
havior of each male during each 30 minute male spent 5/-6567%

interval throughout the observation period during days 2 and 3, respectively, perching 2 the preferred mating strategy of male M.

coerulatus at La Selva. The almost immediate
defense of artificial waterholes in gaps where
territorial behavior had not previously been
observed suggests that males are constantly
and actively seeking a suitable territory, and
will readily adopt a territorial strategy when-
ever these waterholes become available. Ap-
parently, male reproductive success is limited
by the availability of light gap waterholes. In
addition, the speed with which a female pre-
sented herself at the artificial waterhole
(within 2 d), and the subsequent copulation

Table 2. Behavior of M. coerulatus males. Data are number
of 30 min observation periods on day 1, characterized by
different possible behavior classes in three different light

gaps.
Behavior Gapl Gap2 Gap3
Flying/Foraging 2 0 1
Guarding hole? 1 0 7
Perching 3 0 0
Unseen 12 9 1
Sum 18 9 9

& Guarding included interactions with conspecifics,
hovering above the hole, and perching <2 m over the

hole.
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Table 3. Behavior of M. coerulatus males before and after
the placement of artificial waterholes. Data are number of
30 min observation periods, characterized by different pos-
sible behavior classes on day 1 (pre-treatment), and days 2
and 3 (post-treatment).

Behavior Day 1 Day2 Day3
Flying/Foraging 2 0 3
Guarding hole? 1 10 12
Perching 3 3 3
Unseen 21 7 6
Sum 27 20 22

2 Same as Table 2.

and oviposition events, argues that males de-
fending light gap waterholes have generally
higher fitness as compared to satellite males.

The rapidity with which females lo-
cated and oviposited in the artificial
waterholes indicates that females also are
seeking new potential breeding ground. Fred
SaintOurs (pers. com.) indicated that he had
previously observed only two copulations
during 24 weeks of field study. Male behav-
ior may intensify waterhole limitation among
females, as a male often will try to prevent
females with whom he has not mated from
ovipositing at his waterhole (Finke 2000).
Intraspecific interactions are also likely to in-
fluence the reproductive success of both sexes
in waterholes. G. gracilis larvae occupy the
same type of waterholes as M. coerulatus and
prey upon M. coerulatus whenever the two
species co-occur (Finke 2000). This intense
competition, however, seems to be limited to
the larval stages. In the two cases where G.
gracilis were observed ovipositing at the natu-
ral waterholes, the male M. coerulatus did not
move from his perch to challenge the G. graci-
lis, even though he actively defended his hole
against conspecifics throughout the day.

The paradox of the persistence of the
La Selva M. coerulatus population remains. If
males without territories must wait until a
suitable territory becomes available before
reproducing, it is difficult to reconcile the ap-

parently low number of suitable waterholes
with a population estimated to include atleast
20 individuals that were visiting or occupy-
ing two light gaps. Of course, there must be
more light gap waterholes at La Selva than we
found, but this cannot account for the popu-
lation of adults in the light gaps we studied
unless the proportion of light gaps that con-
tain suitable waterholes is much higher in the
light gaps we did not search. It seems more
likely that sneaking /understory reproduction
accounts for a larger proportion of the M.
coerulatus population than suspected. This
suggests that M. coerulatus employs a mixed
reproductive strategy in which territoriality
is preferred, but the sneaking/understory tac-
tics also allow some reproductive success.
More extensive searches for light gap
waterholes and further exploration of under-
story waterholes for M. coerulatus larvae
would provide information about the relative
contributions of alternative reproductive strat-
egies to M. coerulatus at La Selva.
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